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Abstract 
This dissertation was written as a part of the MSc in Energy Systems at the International 
Hellenic University.  
The goal of this dissertation is to examine the potential of Enhanced Geothermal Sys-
tems (EGS) installations for electricity production in Northern Greece. Bibliographical 
data on the geothermal fields of Northern Greece are used as input variables in the Sys-
tem Advisor Model (SAM) developed by NREL, in order to analyze the installation of 
an EGS power plant. 
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1 Introduction 
The aim of this dissertation is to analyze the already identified geothermal fields for the 
use of Enhanced Geothermal Systems for electricity production. The data (variety and 
temperature of rocks) that are used are coming from bibliography and prior surveys. 
Cost and ways of financing are going to be part of the analysis. Lastly, the possibility of 
researching for new deposits in depths that are suitable for the use of EGS is examined. 
The simulation is carried out with the use of SAM software (NREL). 
 In Chapter 2, there is a presentation of the Renewable Energy Sources and the geo-
thermal energy. Definition, resources and utilization of geothermal energy are analyzed. 
A reference to the environmental impact of geothermal energy is also made. 
 In Chapter 3, there is a comprehensive review on the technology of Enhanced Geo-
thermal Systems. The sectors of exploration, completion and operation of a project are 
analyzed. 
 In Chapter 4, there is a presentation of the growth of geothermal energy in Greece. 
Geothermal fields located in Northern Greece are outlined. 
 In Chapter 5, there is a presentation of all the calculations and estimations that were 
made during the analysis. The methods of calculating the temperature in depth and the 
heat in place are described. The factors influencing the recoverable energy are also de-
scribed. Finally, the results of the simulation with SAM software are presented. 
 In Chapter 6, conclusions on EGS technology and their implementation in Northern 
Greece are detailed. 
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2 RES & Geothermal Energy 
2.1 Renewable Energy Sources 
Renewable Energy Sources (RES) or ‘green energy’ are forms of usable energy from 
various natural resources, such as sunlight, wind, geothermal, tides, waves and others. 
Specifically in accordance with Directive 2009/28/EC of the European Parliament, en-
ergy from renewable non-fossil sources is considered the wind, solar, geothermal, hy-
drothermal and energy from ocean, hydropower, biomass, landfill gas and biogas. 
 It is the first form of energy used by man before turning sharply to the use of fossil 
fuels. Renewable energy is practically inexhaustible and their use does not pollute the 
environment while their utility is limited only by the development of reliable and eco-
nomically acceptable technologies that are intended to capture their potential. The inter-
est in the development of these technologies originally appeared after the first oil crisis 
in 1974 and confirmed after the realization of the serious global environmental prob-
lems in the last decade. For many countries, renewables represent a domestic source of 
energy with favorable prospects for contribution to their energy balance, helping to re-
duce dependence on expensive imported oil and to strengthen the security of their ener-
gy supply. At the same time, they contribute to the improvement of the environment’s 
quality, now that has been found that the energy sector is the sector that is primarily re-
sponsible for the pollution of the environment. 
2.2 Definition of Geothermal Energy 
Geothermal Energy is the thermal energy that is stored in the Earth’s rocks and fluids. 
[1] The word ‘geothermal’ comes from the Greek words ‘γη’, which means earth and 
‘θερµός’, which means hot.  
 Geothermal Energy is a mild Renewable Energy Source that is stored in natural un-
derground water, steam or mixture of both and also in hot dry rocks and magma. [2] 
The exploitation of Geothermal Energy is feasible only under certain conditions that 
have to do with the place and the thermal load of the field. It can be used as energy 
source in many ways, like direct use, heat pumps and power production. 
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2.3 Geothermal Resources 
There are several ways to classify geothermal systems and one of them is by the type of 
the resource.  In this case, five are the main categories:  
• Hydrothermal Resources. Underground hot water, naturally occurring in one or 
more reservoirs and usually rises to the surface as hot spring. Nowadays these 
are the main geothermal systems that are used. 
• Earth Energy. It is the energy that can be received from depth down to 100 m by 
circulating water from the surface. 
• Hot Dry Rocks. This is the term used when there is no fluid to carry heat and the 
energy is stored in rocks. The energy can be derived from rocks with the use of 
Enhanced Geothermal Systems. 
• Geopressured Energy. It is the energy of the water that is under high pressure 
and temperature at big depth. 
• Magma Energy. This kind of energy is stored in the form of molten rock, which 
is called magma and is placed naturally below the Earth’s crust.  
 Only a small part of Geothermal energy is exploited nowadays and that is Hydro-
thermal energy. Earth Energy is being very fast developed and Enhanced Geothermal 
Systems are still in research stage. Both Geopressured and Magma Energy cannot be 
exploited with current technology. 
2.3.1 Classification of Resources 
The way that Geothermal Energy can be used has to do with the temperature of the flu-
id. Enthalpy is used to express the thermal energy of fluids and is proportional to tem-
perature. Specifically, geothermal fluids are sorted in three categories based on their 
temperature: 
• High enthalpy. T > 150 °C   
• Intermediate enthalpy. 150 °C > T > 90 °C 
• Low enthalpy. T < 90 °C 
 The reason for this classification is that fluids with temperature below 150 °C are 
not considered to be economically feasible for energy production. Though, even low 
enthalpy fluids can produce energy by using a binary cycle. This classification is con-
sidered to be arbitrary and many authors proposed their point of view. [Table 1] 
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Table 1: Classification of geothermal resources (in °C) 
 Muffler, 
Cataldi 
Hochtein Benderitter, 
Cormy 
Nicholson Axelsson, 
Gunnlaugsson 
 
1978 1990 1990 1993 2000 
High enthalpy < 90 < 125 < 100 ≤ 150 ≤ 190 
Intermediate 
enthalpy 
90 – 150 125 - 225 100 – 200 - - 
Low enthalpy > 150 > 225 > 200 > 150 > 190 
 
 Another usual distinction is between vapor-dominated systems and water-dominated 
systems. Water-dominated geothermal systems can produce hot water or water-vapor 
mixture at temperatures that may range from < 100 °C to > 225 °C and they are the 
most commonly used in the world. In vapor-dominated geothermal systems, which are 
more rare, water and vapor co-exist in the reservoir, although only dry or superheated 
steam rises to the surface. 
2.4 Utilization 
Utilization of geothermal energy is divided in two main forms, Electricity Uses and Di-
rect Uses. Electricity generation is the main use of high enthalpy resources (> 150 °C). 
While direct uses involve fluids of intermediate or low enthalpy and there is no conver-
sion to electricity. Firstly derived in 1973, the Lindal diagram shows utilization exam-
ples as a function of geothermal fluids’ temperature. It has been modified and updated 
over the years and still holds valid today. [Figure 1] 
Figure 1: Lindal diagram 
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2.4.1 Direct Uses 
Direct Heating 
Direct heat use is the most common form of utilization of geothermal energy and can be 
classified as: space heating, agricultural applications, aquaculture, industrial uses and 
heat pumps. There are also some other uses but most of them are not so common. 
In nearly every country in Europe there are direct uses but mainly in Italy, France, Ger-
many and Sweden. Because of differences in geological and climate conditions and also 
in legal framework, direct uses vary among the countries. 
Space Heating 
Direct space heating is the oldest utilization of geothermal energy and also the most 
common is Europe. This is because of the simple technology used, which sets that the 
geothermal fluid from one or more wells transmits thermal energy to the system directly 
or by a heat exchanger. Fluids with temperature of 45 °C or above are required for this 
use. [3] 
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Greenhouse and ground Heating 
Heating of a greenhouse or the ground is used to increase the production of an agricul-
tural application or to get early products. Low cost makes geothermal energy suitable 
for the great amount of energy needed in agriculture. For this kind of applications tem-
perature should be 30 °C or above. There are five ways for heating a greenhouse: a) by 
air, surface or earth piping using plastic or metal tubes, b) by an air-water heat exchang-
er, c) by placing radiators at the side walls, d) by spraying geothermal fluid from the 
rooftop, e) by compiling two or more of the above. [1] 
Aquaculture 
Geothermal energy is a very cheap solution when it comes to aquaculture of fish (eg eel, 
sea bass, bream, trout, salmon, etc.), crustaceans (eg shrimp) and reptiles with commer-
cial value (eg alligators). Heating occurs either directly, by injecting geothermal water 
in growth tanks or ponds, or indirectly, by heating freshwater or saltwater. For direct 
injection of geothermal fluid, it has to be free of any toxic ingredients. In aquaculture 
fluid with temperature of 20 °C are needed. [1] 
Industrial Uses 
Geothermal energy can prove to be cost-effective and also reliable for industrial appli-
cations. Geothermal fluids can be used in many processes, like preparation of canned 
food, drinks bottling, vegetables blanching, agricultural products drying, CO2 extraction 
etc. When the fluid’s temperature is not high enough for the application, it is possible to 
use preheating, heat pumps or supplementary heating with conventional fuels. It comes 
without saying that an existing plant has to be near a geothermal field in order to use 
geothermal fluids. [4] 
Swimming Pools & Medical Applications 
One of the most popular uses of geothermal energy in the world is heating swimming 
pools and medical applications. Today, there is an excess of spas that use geothermal 
water for either treatment or rejuvenation. In terms of healing applications, effects of 
geothermal water at the human body vary depending on their composition (temperature, 
minerals) but also on how to use them. In terms of rejuvenation applications, there are 
spa areas with health and beauty facilities, whose main aim is the relaxation and revital-
ization of human body. [1] 
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2.4.2 Electricity Uses 
The growing demand for electricity was the reason that led to the consideration of geo-
thermal power as a resource. Prince Piero Ginoro Conti made the first attempt in 1904 
in Larderello, Italy. It was not until 1913 that the first commercial geothermal power 
plant was built there, with a capacity of 250 kW. It had to be many years until 1958, 
when the first geothermal power plant was built in Wairakei, making New Zealand the 
second world producer. Two years later, in 1960 the first power plant in U.S.A. was 
built; at the well known field The Geysers in California. 
The most common way to utilize the high enthalpy geothermal fluids is their use for the 
production of electricity. The conversion type used depends on the state of the fluid 
(whether is steam or water), temperature, pressure and flow. Electricity is generated by 
using these main power stations: direct steam expansion, flash condensing, binary fluid 
cycle, combined cycle. 
Direct Steam Expansion 
Direct steam expansion [Figure 2] is the simplest geothermal power plant and the one 
with the least cost of capital required. It is used in the small number of fields that pro-
duce superheated steam. Steam coming from one or more wells is directed in a turbine, 
without any process or after removing HCl and other ingredients. Where the pressure is 
low, the plant could use a condenser (condensing type) or else the steam is headed 
straight to the atmosphere (back pressure type). The type used depends on the amount of 
non-condensable gases. If the steam has high content of non-condensable gases, a con-
denser should not be used. It has to be mentioned that back pressure type has almost the 
half efficiency compered to the condensing type. On the other hand, it has simpler func-
tion and smaller cost. 
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Figure 2: Direct steam expansion power plant 
Condenser is a heat exchanger that is used for the liquefaction of steam by absorbing 
latent heat. Condensers are distinguished in indirect contact and direct contact ones. In-
direct contact condenser is the one in which the steam and the refrigerant are separated 
by the heat exchanging surface, while direct contact condenser is the one where the 
steam and the refrigerant, normally water, are mixed and exit the condenser together. 
The latter is cheaper and requires smaller amount of water. 
Flash Condensing 
Flash condensing type [Figure 3] is used where there is water of high temperature (> 
150o C) and high pressure. The geothermal fluid either comes from the borehole as a 
two-phase flow or expands to a pressure lower than the pressure at the well and is con-
verted in a two-phase mixture. This mixture is separated on a vertical separator and is 
led to the steam turbine to generate electric power. If the temperature and pressure of 
the geothermal liquid are high enough, then the liquid can be expanded for second time 
(dual flashing) or more times (multistage flashing) in order to produce additional steam, 
which will significantly increase the efficiency of the unit. On the other hand, dual or 
multistage flashing add construction cost. 
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Figure 3: Flash condensing power plant 
In flash condensing plants a condenser could be used, exactly like direct steam expan-
sion plants, providing the same advantages and disadvantages. Condensers are used in 
plants with capacity up to 60 MWe and efficiency of 85%, while plants without a con-
denser have capacity of 1-5 MWe and efficiency of 60%. Water is cooled in cooling 
towers by free or forced convection. Flash condensing system is the most efficient tech-
nology when the fluid’s temperature is over 150 °C. 
Binary Fluid Cycle 
Binary fluid cycle or organic Rankine cycle [Figure 4] is used where there is fluid with 
temperature 85-175 °C. It is because of the many intermediate enthalpy fields, that bina-
ry cycle is so usual. The main parts of a binary cycle system are: heat exchanger of geo-
thermal fluid and subsidiary fluid, steam turbine, generator, condenser, pump for the 
refrigerant, pump for the re-injection. Normally, geothermal fluid is used to heat and 
vaporize the secondary fluid in the heat exchanger. The vapor drives the turbine, is 
headed to the condenser, where it is condensed and then is re-injected by the pump. 
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Figure 4: Binary fluid power plant 
In order to use geothermal fluids in temperature near 85 and 170 °C, the correct second-
ary fluid should be selected. The thermal stability of the organic subsidiary fluid defines 
the upper temperature limit, while the lower limit depends on techno-economical as-
pects. At low temperature, a large heat exchanger is needed, making the project uneco-
nomical. 
Binary fluid cycle is usually used in small modular units with capacity of a few hundred 
kWe to approximately 3 MWe. These units can be connected together to form power 
plants with capacity up to 250 MWe. Their cost depends mainly on the temperature of 
the geothermal fluid, which defines the turbine, heat exchangers and cooling tower. The 
specific cost does not depend on the total size because larger capacities are achieved by 
linking more modular units. 
A new binary cycle type was developed in the 1990s, the Kalina cycle. This cycle is 
more efficient than Rankine cycle but is more complex. The secondary fluid used is a 
water-ammonia mixture with a 70:30 ratio. This mixture is expanded in super-heated 
conditions, passes through the high-pressure turbine and then is heated again before it 
passes through the low-pressure turbine. The saturated vapour is driven through a boiler 
and then in a water-cooled condenser. 
Combined cycle 
The combined cycle is increasingly used over the years. It is the compilation of the flash 
condensing cycle and the binary cycle in order to increase the efficiency. The heat of the 
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condensation of vapour coming from the main turbine and also part of the heat of the 
liquid are used for the function of a binary cycle. The condensation of the secondary 
fluid with air and the total re-injection of the geothermal fluid are the main advantages 
of the combined cycle. 
2.5 Investigating new fields 
Purpose and aim of applied research on geothermal systems is the detection and identi-
fication of heat concentrations in areas accessible and usable by today’s technical 
means. The objects of investigation are: 
1. Identifying geothermal phenomena and fields. 
2. The assessment of the potential use of the fields by estimating the amount and 
size of surface discharges of geothermal fluids and by estimating the tempera-
ture of the heat source. 
3. The estimation of the size of the systems. 
4. The determination of the precise type of the systems and domains (e.g. direct 
steam, flash condensing, binary fluid, EGS etc.). 
5. Identifying productive zones. 
6. Determination of the geothermal fluid’s enthalpy. 
7. The formation of a database that will be used in future monitoring of field re-
sponse to exploitation. 
8. The assessment and evaluation of the potential environmental impact of the op-
eration. 
9. The acquisition of knowledge on specific local factors that may confuse the de-
velopment and exploitation (e.g. low pH, potential landslides or induced seis-
micity, containing oxidizing gases, etc.). [5] 
The research should be designed so that it is more suitable to study the geothermal sys-
tem. The research subjects are all mentioned above, but the relative importance and pri-
ority of each item will depend on a number of parameters that affect the entire research 
program. For example, the initial identification of geothermal phenomena becomes 
much more important in distant and unexplored areas, rather than in residential or tour-
ist areas. The estimation of the size of the geothermal energy source has little meaning 
when it is to be used for small-scale applications, which obviously require less heat than 
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is generated naturally. If the thermal energy is to be used for district heating, and thus 
relatively low temperature is required, targeting high enthalpy fluid is misplaced. 
One of the main objects of the research program is to determine the exact nature of the 
field. Since this is a determinant of further design and operation, it is obvious that if 
there is no knowledge prior to the start of the research project, it must be acquired at a 
later stage. In most cases, the preliminary geochemical recognition will likely give an-
swers to this problem. 
The inevitable limitations of funding and human resources usually require decisions on 
whether coverage of broader areas with cheap investigative techniques, or the concen-
tration of intensive efforts in a small area will be more efficient. The answer to this di-
lemma is usually ordered by the specifications of the research field, but in general, the 
first solution is more efficient. 
The topography of the area under investigation puts restrictions on the number of sites 
where observation, sampling or measurement are possible, but also influences the selec-
tion of applicable geophysical methodologies. Therefore, the availability of staff and the 
topography are factors that must be included. The manpower enables the transfer of in-
struments in inaccessible areas, or opening passages through dense vegetation. Con-
versely, insufficient staff, rugged terrain, limited horizontal area of interest, dense forest 
cover etc., prevent the use of certain geophysical techniques, such as electrical methods 
Schlumberger or Wenner, which require the expansion of long cable lines.  
The topography affects greatly the interpretation of geophysical data, although it is pos-
sible to correct most geophysical methods. Nevertheless, if the terrain is too rough, the 
electrical and seismic methods are very difficult to correct, leading to controversial re-
sults. The dense tree cover restricts the application of seismic methods, due to the noise 
generated when strong wind is blowing.  
Another important factor is the climate, which may limit the available time for work on 
the field, or may determine the time of their accomplishment. There are methods of re-
search (e.g. geochemical) excessively affected by climate conditions on specific sea-
sons, while several geophysical methods and instruments, mainly electric and electro-
magnetic, do not perform as expected under certain weather conditions.  
The experience and training of people who conduct, process and interpret the measure-
ments are particularly important factor for the design of the research program, especial-
ly when it is entrusted to specialized organizations or companies. If the entity in charge 
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does not have the necessary expertise for the evaluation of observations and proposals 
submitted by subcontractors, may lead to expensive mistakes.  
The head of the research program should carefully analyze its purposes and balance 
them with several other specific factors in order to achieve optimum results. Above all, 
it should be understood that the research strategy chosen should aim to find heat in ac-
cessible and usable form and that he most useful methods are not necessarily those that 
proved to be most successful in oil or minerals research. [6] 
2.6 Environmental Impact 
Geothermal energy is considered as a clean form of energy, especially compared to the 
conventional types of energy. The environmental impact is not always minor and is due 
to substances contained in geothermal fluids. The problems caused are directly related 
to the nature of the aggravating substances. The extent and severity of the problem de-
pends on the characteristics of the reservoir, the fluid type exported, the type of applica-
tion, the size of the facility and the extent of the project developed. 
In general, higher levels of dissolved salts and gases in high-temperature geothermal 
fluids, compered to the low-temperature fluids, require the separation of the effects 
from the utilization of geothermal energy. The problem of disposing the hot water used 
for direct uses is generally milder than disposing fluids used for electricity generation.  
During the stages of investigation, drilling of wells, production testing and of construc-
tion there may be leaks and temporary disposal of geothermal water in water bodies, 
increased noise, effects of land use issues, microseismicity etc. 
2.6.1 During research 
In order to search and locate geothermal fields there should be evidence for volcanic 
and plutonic rocks. Such evidence is found in volcanic areas or in areas adjacent to 
magmatic sources at small depth from the surface. Surface actions proving the existence 
of hot rocks in relatively shallow depth are the thermal sources, which are guiding the 
research for geothermal fields. 
The stages of research for a new geothermal field include the following tasks: 
1. Geological and hydrogeological studies.  
2. Geochemical surveys.  
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3. Geophysical surveys. The parameters of the formations and the determination 
methods are:  
• Temperature (thermal survey)  
• Electrical conductivity (electrical and electromagnetic methods)  
• Propagation velocity of elastic waves (seismic survey)  
• Density (gravimetric method)  
• Magnetic susceptibility (magnetic method)  
4. Drilling probing wells. 
During development 
Since the results of geothermal research are sufficient and the feasibility study is posi-
tive, the development of the infrastructure required for the exploitation of geothermal 
fluids follows. At this stage the following tasks are included:  
1. Drilling of the production and the injection wells (if the latter are necessary for 
the disposal of geothermal fluids after exploitation) 
2. Construction of abstraction, transport and disposal networks of geothermal flu-
ids. 
2.6.2 During operation (high enthalpy) 
The most common way of exploiting the high enthalpy geothermal fluids is the produc-
tion of electricity. As mentioned, the three main power generation technologies are: Di-
rect Steam Expansion, Flash Condensing, and Binary Fluid Cycle. Operation of the first 
two types of installations emits only steam and small quantities of gas. While in the bi-
nary fluid cycle plants there is no emission of gases into the atmosphere, as they operate 
in a closed circuit.  
Despite the fact that the production of electricity by geothermal energy has the least en-
vironmental impact compared to other methods, this does not make it completely "inno-
cent". 
2.6.3 During operation (low enthalpy) 
The environmental impact from the use of low enthalpy geothermal fluids is milder 
compared to this from the use of high enthalpy fluids. The content of geothermal fluids 
in non-condensable gases is limited, except in some cases where there are certain 
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amounts of CO2. Problems involving subsidence or microseismicity have never been 
recorded in low temperature fields. 
The thermal impact is much lower, provided that after use water has a temperature of 
less than 30-35 ºC. The main environmental problem of low-temperature fluids is the 
disposal of water after the extraction of the thermal energy. The surface disposal (artifi-
cial or natural lakes, streams, rivers, sea) is the cheapest option and was the method em-
ployed by the early use of geothermal energy. There are three main problems associated 
with this solution: a) the high temperature of water (thermal pollution), b) the relatively 
high content of water in various components (As, H2S, B, heavy metals, etc.) and c) the 
depletion of the field over time. The disposal of used geothermal water in lakes, rivers 
and streams should be done with care and after thorough study, due to the sensitivity of 
these ecosystems. [7] 
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3 Enhanced Geothermal 
Systems (EGS) 
Enhanced Geothermal Systems [Figure 5] is the term that formerly was known as Hot 
Dry Rock Geothermal. This term refers to the technology that artificially creates hydro-
thermal resources where insufficient or no hot water or steam exist. EGS reduce the re-
strictions due to the size, location and permeability of naturally existing reservoirs. 
They allow the creation of new reservoirs in places where the energy production would 
be more economical or even expand the life span of naturally existing reservoirs. 
 
Figure 5: EGS development 
Thermal energy that is stored in rocks laying down to 10 km of the surface and cannot 
be extracted by existing hot water or steam can be considered as an EGS resource. 
These rocks contain little water because of the insufficient pore space or fracture. Ex-
perimental projects tried and succeed to artificially create fracture by putting pressure at 
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the rocks in order to enhance permeability. In order to extract heat from the rocks, cold 
water should be led down from one well and return from a second one, running in a cir-
culating closed system. Both primary projects, at Fenton Hiss in northern New Mexico 
and at Cornwall in southwest England, have been abandoned because of lack of funds. 
[9] Other projects are currently in progress in U.S.A., U.K., France, Australia, Japan 
and Switzerland. The project being developed in Cooper Basin, Australia is the largest 
in the world with a potential capacity of 250-500 MW. [8] 
An EGS reservoir is created by drilling a new well or by using an existing one. Ejecting 
water at high pressure, opens or stimulates existing natural fractures. This process is 
called Hydroshearing. Cold ground water, usually produced from swallow water wells, 
is pumped at high pressure deep into the ejection well, reaching hot rocks at 3 to 10 kil-
ometers depth. When the cold water reaches the hot rocks surrounding the wellbore, the 
injection pressure causes the existing natural fractures to open and fill with water. This 
process is continued until cracks are opened to a distance of about 500 m around the 
wellbore and the ejected water starts to heat. Conventional well drilling techniques are 
used to create production wells into the new reservoirs. Cold water pumped down from 
the ejection well, flows from the new fraction network, absorbs heat and flows back to 
surface by the production wells. Hot water or steam created is used to generate electrici-
ty or provide domestic heating. 
After the drilling process, EGS operate like conventional geothermal systems. Using 
either a flash or a binary power plant system, hot water or steam is converted into elec-
tricity and domestic heat. But unlike traditional geothermal plants, EGS could be estab-
lished anywhere in the world, limited only by economical facts that has to do with the 
drilling depth. 
3.1 Origination 
The occasion for the development of Hot Dry Rock concept was that deep crystalline 
rocks have nearly no water and permeability, because of the pressure asked by the su-
pernatant rocks. Consequently, a solution had to be found in order to create artificial 
fractures that would act as heat exchange surfaces. The fluid penetrating these fractures 
is circulated in a closed loop and the pressure is kept lower than the boiling point. Steam 
that is used for electricity production comes from a secondary fluid with lower boiling 
temperature. Electricity production was the initial aim of the concept but it could be 
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achieved only at high enthalpy fluids. Nowadays, the co-production of electricity and 
heat seams more attractive. [10] 
Los Alamos Scientific Laboratory suggested the very first concept, which considered 
the deep crystalline rocks as block with no water and no permeability. The object was to 
create artificial fractures that would link two boreholes. Hydraulic fracturing would cre-
ate vertical fractures by applying pressure. Then a closed loop system would circulate 
water from an injection well to a production well, allowing it to extract the stored ther-
mal energy.  [10] 
The second worth mentioning concept was proposed by Canborne School of Mines at 
Cornwall. This concept was giving attention to the fracture network and the fact that the 
existing joints would prevent the formation of large fractures. These joints are broad-
ened throughout the fracturing process allowing fluids to circulate, by a process called 
stimulation. The advantage of this concept is that the flow through the rocks could be 
very increased, making the absorption of heat more regular. 
European Research Project Soultz proposed a concept that uses natural fracture systems, 
performing a higher permeability. The main purpose of this concept is to join all the 
breaks to the boreholes. By using this concept it is not compulsory to connect the wells 
by an artificial fracture network, overriding a major problem. Every borehole only 
needs to connect to the fault zone. 
Natural fault zones can be integrated into a wide circulation system. This system could 
not operate by using over-pressure, because there would be a large fluid loss. Therefore, 
it is necessary to stimulate fractures that could be sufficiently permeable even at hydro-
static pressure. Natural fault zones exist in Upper Rhine Graben and this concept seams 
to be very successful. 
In each concept, the pressure in the closed loop must prevent the boiling of the fluid. 
Using steam of the secondary cycle can generate electrical power. These systems ensure 
that there is no toxic fluid and gas released. Good results in the last years, suggested that 
connecting parallel vertical fractures with two deviated boreholes could stimulate mul-
tiple fracture systems. The distance between the fractures should be around 200m and 
the vertical distance between the boreholes should be around 300m, in order to prevent 
thermal interaction. This system requires about 10 fractures to be induced in order to 
operate economic. 
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3.2 Exploration 
Exploration for EGS started in USA using mainly temperature gradient and was fol-
lowed by investigations in Europe, UK and Japan. These projects were delayed because 
little was known for their geologic environments. The development then turned on find-
ing a stimulation favorable environment. The project at Soultz-sous-Forêts, France was 
developed in a tensional environment. EGS potential in Australia was initially calculat-
ed using deep drilling and also temperature and geological data. EGS targeting uses cal-
culations of temperature gradient data, assuming steady state thermal rules. [11] 
Uncertainty is the main disadvantage of EGS exploration, concerning that they need an 
appropriate geologic environment to operate. Just like exploring and evaluating any 
other hydrothermal system, strong assessment is crucial when conduction applies. It is 
expected that most of the EGS target types will be open to stimulation and development. 
Therefore, a compilation of exploration techniques may be needed. [11] 
3.2.1 Site Characterization 
The initial phase for an EGS reservoir is to discover a suitable site. At this point, 
absence of involvement with EGS systems creates difficulties in characterizing what is 
applicable. Site characterization will use existing information of the site and its 
environment as long as information are accessible. If the database is of good quality, 
then important pre-development information could be obtained for many technical and 
non-technical properties. It is clear that sufficient heat must be present, but also the 
depth of the desired temperature is important for fiscal reasons. The main properties of 
the site that should be known before creating a successful reservoir are: 
• Temperature gradient and heat flow 
• Stress field 
• Lithology and stratigraphy 
• Structure and faulting 
• In situ fluids and geochemistry 
• Geologic history 
• Seismic activity 
• Proximity to transmission 
• Land availability 
  -21- 
• Demographics 
This is only a part of the properties needed and some of these may already be known if 
wells have previously been drilled at the site. If there are not any wells or data, 
properties of the potential reservoir should be implied from the surface. Seismic 
reflection and geologic mapping can easily provide additional information. Surface-
based analyses can provide information on many site properties, but that information 
becomes more tricky as the target becomes deeper. Oil and gas industry takes advantage 
of the remote technologies which are very successful in finding new hydrocarbon 
resources. But these technologies have not yet been successfully used in evaluating 
potential EGS reservoirs. It appears that there are no technological solutions to remotely 
characterize an EGS reservoir with confidence. 
There are technologies that can be used in order to estimate potential EGS reservoirs. 
New technology that characterizes a site less costly and more confidently will be 
necessary as EGS become commercial. Models of the geologic settings and also 
geophysical methods used to find fluid filled fractures have to be improved. Existing 
geologic models are based on properties of oil and gas fields and cannot effectively 
predict EGS reservoirs. Current geophysical methods need a lot of research in order to 
determine characteristics of EGS reservoirs in big depth. 
3.2.2 Exploratory Well and Reservoir Characterization 
Remote methods used for verifying reservoir properties do not prove if the site is suita-
ble for development at the estimated depth. This could be confirmed by an investigative 
well. This well could be a slim hole, making it less costly, or a proper injection well that 
would be part of the final system. The choice between those two reveals whether the 
developer is confident for the completion of the project. The best choice of all is using 
an existing well as an exploratory well, if there is one nearby. 
The aim of drilling an exploratory well is to take sample of the rock core and create well 
logs, in order to fully characterize the reservoir. A small fracture is hydraulically created 
in the rock to verify the stress field, because the drilling for the remaining of the wells is 
guided from this field. The productivity of the reservoir should be also verified by tests 
measuring the fluid flow between the rock and the wellbore. 
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These techniques will be sufficient at the gaining knowledge from the initial wells at 
any project. But although this technology is sufficient, great improvements and addi-
tions are required to characterize EGS sites. 
There are some disadvantages of the equipment used for the borehole imaging. Alt-
hough gears used for collecting data can function for short periods, they cannot perform 
in place for really prolonged periods that are needed for the well stimulation and the 
reservoir operation. As long as there are no techniques for zonal isolation at high tem-
perature and high differential pressure, the efforts for stimulation will remain to applica-
tions with open holes or low temperature. 
The technology used to drill the exploratory well should be the same with those used in 
any deep well. But if the well is going to be used as a production or injection well, the 
final stage should include covering strings and cement. All the materials and the ser-
vices needed for the completion of the well are commercially available. 
3.2.3 Injection Well 
The development of the reservoir can start only when the characterization of the site is 
completed. All the data acquired during the previous step are used to plan the drilling 
program. The technology for drilling is fully commercial, although improvements of the 
equipment are needed so that it suits to the high temperature of the geothermal 
environment. 
Oil and gas industry offers many activities to the EGS well construction, though there 
are some differences, because geothermal wells are usually larger and are drilled in 
harder material. The limited extend of geothermal industry keeps the technology limited 
compared to the one used in oil and gas industry. 
As far as drilling bits are concerned, advanced bits like polycrystalline diamond 
compact (PDC) are extensively used in oil and gas because of improved penetration and 
durability but need to prove the same in geothermal uses. Roller cone bits are used in 
hard rocks because of their strength but they are slow. Rock reduction techniques will 
have to be adjusted to EGS. 
Technologies used in oil and gas well construction encounter difficulties in high tem-
peratures. EGS wells operate in temperatures greater than almost all oil and gas wells. 
Steering tools are developmentally early and any advanced tool fail in operation. Suffi-
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cient results are attained with old technologies, but advanced logging while drilling 
tools and steering tools are needed. 
Completing the construction with metal casing and cement is approximately 1/3 of the 
total cost. Thin casing offer great advantage to the goal of reducing the amount of steel 
used during drilling. Such technologies such as expandable tubulars and low-clearance 
casing are now developing in oil and gas industry and seem very promising against the 
difficult geothermal well conditions. 
Cement is used up to the surface so that casing is limited and wellheads become stable. 
If the amount of cement is decreased, the interactions between casing and rock will be 
more predictable. New designs will allow the casing to expand and contract freely and 
these designs will also benefit the injection wells. 
Isolating zones during drilling is vital for many EGS reservoirs. Measures at specific 
zones of the bore are usually required when control problems appear. Open and cased 
hole packers are some of the available technologies, while experimental systems are be-
ing developed and are not commercially available yet. Retrievable open-hole packers 
that operate in high temperature are also not available, though existing techniques can 
deal with problems during drilling. 
Logging tools for measuring all the formation characteristics are operating up to tem-
peratures around 150 °C and only for short periods. Improved tools that are able to op-
erate in more than 200 °C are needed. During the operation, logging tools record pa-
rameters that are the same with those recorded during short-term logging activity but 
also include other sensors such as induced seismicity sensors. 
The design and the construction of wells must ensure that the exploitation is economi-
cally feasible. In order to do so, the design must include variable options such as deviat-
ed wells, multiple completion zones and other. 
All these disadvantages of the current technology cannot prevent the application of the 
EGS experimental projects. The stimulation, injection and production of EGS reservoirs 
have to be more efficient and the way to be so is the improvement of many technologies 
and schemes. 
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3.2.4 Stimulation 
Injection well been completed, stimulation of the reservoir rock can start. An open-hole 
section is required during the stimulation, with all the data about it collected during the 
site characterization. 
Once the reservoirs creation processes are completed, a large fracture system is created 
in the target rock. During the pumping of the fluid used for fracturing, the flow rate and 
the pressure should be maintained at high level and the sensors of the seismicity should 
have high sensitivity. 
There is only a small experience around geothermal systems stimulation. It is believed 
that a network of existing fractures or a weak zone will be necessary for a successful 
stimulation. It is also supported that shearing fracturing will overlook tensile fracturing, 
because it is preferred to apply sufficient hydraulic pressure in order to shear an existing 
network, instead of applying very high pressure in order to create tensile fractures. 
In oil and gas industry stimulation adapts both shearing and tensile fracturing, using 
pressure way higher than the rock strength. But in EGS technology, the pressure has 
great diversity and stimulation has to succeed at all levels. Stimulation is not very fre-
quently used in geothermal industry. And this is because high productivity and thermal 
stability over time has yet to be confirmed. 
Stimulation is applied with the scope of creating plentiful flow paths that connect the 
injection well with the production well. These paths must be resistant enough to pro-
duce hot fluid but also free enough to reduce pumping power needs. 
The design of the stimulation includes the exact zones of the bore that are on target, the 
stimulation fluids and the proppants that are going to be used. Stimulation design tools 
used in oil and gas industry are usually selecting depending on the application. Alt-
hough some basic models for geothermal applications are available, tools that combine 
all the possible phenomena do not exist. So there is a need for revised or even new de-
sign tools for the commercialization of EGS applications. 
The growth of fractures has to be recorded during the stimulation. Tools measuring mi-
croseismicity, gravity and tilt are used for imaging and mapping of fractures. The accu-
racy of these tools depends on the number of fractures. Tiltmeter results are not useful 
when measuring multiple fractures. In order to increase the resolution tools must be sent 
down in the well, but the temperatures in EGS make this difficult. 
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Microseismic analysis can identify possible flow paths, but cannot be used for tracking 
fluid flow in real-time, so new methods should be investigated for this purpose. It is 
known from oil and gas industry that real-time control is crucial during the stimulation. 
The development of such control systems needs a lot of theoretical and practical 
experience. Although petroleum situations are known, the experience in geothermal 
systems is very young. 
Selective stimulation process requires zonal isolation, which includes tools like packers 
and alternative casing designs. Experimental packers have been developed, but cannot 
operate at stimulation temperature and pressure. There are no hole packers which fit 
every geothermal environment and the main problem is elastomeric seals which are 
unstable at high temperatures.  
Creating fluid flow paths which minimize the resistance but maximize the heat flow is 
the great goal of the stimulation. The created fracture network depends on the 
stimulation method used and in some cases variable weights and viscosities of fluid may 
be needed. In order to enhance permeability in fractures very close or very far of the 
wellbore, chemical stimulation is applied. When increased radius of the wellbore is 
needed, there are options including deflagration methods. 
It is supported that EGS should aim at finding fractures that are critically stressed. Shear 
failure will appear when trying to stimulate these fractures because of the reduction in 
the normal stress. In some networks where the fracture characteristics are not ideal, 
proppants should be used in order to keep the fractures open. Although proppants are 
typically used in oil and gas industry, temperature hardened ones are required in 
geothermal environments. 
Stimulation is used to create the reservoir and this is probably the most critical step in 
the development of an EGS. Petroleum industry have offered most of the techniques, 
but has yet to be extended in order to reach the EGS needs. The identification of the 
fluid flow paths need imaging and mapping tools that are not currently available. 
3.3 Completing the Well Field 
After the completion of the stimulation process and the opening of new and/or existing 
fractures, drilling of a production well follows. In some cases the production well must 
cross the fractures formed by the stimulation and this is achieved with directional drill-
ing. The network of the fractures is defined by the measurements taken during the stim-
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ulation, although there is little experience in fracture behavior. The new try is to pass 
through the outer limit rather than the core of the cloud defined by measurements, in 
order to maximize the distance between the wells. 
The number of the injection and the production wells depends on the productivity and 
the strategy of development. The number ranges from three to six wells for new sites in 
early stages of development. 
The drilling process for the production wells is pretty much the same with this of the 
injection wells. There are some differences though that has to do mainly with the direc-
tional drilling and the completion. Keeping the fluid flowing between the wells requires 
proppants that are chemically stable at high temperatures. 
At this point there is no concern about the option of drilling more wells to complete the 
EGS reservoir. Positioning of the additional wells but trying not to shorten the paths is 
of great concern. The only way to prevent injected fluids from returning early in the 
production wells is to develop a reservoir model in order to predict flow between wells. 
3.4 Operating and Maintaining the Reservoir 
The most important issue in operating an EGS is trying to avoid corrective moves, like 
drilling additional wells, and keep producing energy for long periods of time. There is 
no information on how to operate and maintain a reservoir because of the limited 
experience. The main issues that need to be arranged at this point is short circuiting, in-
efficient recovery of heat, induced seismicity, dissolved impurities in the circulating flu-
id and fluid losses. Although oil and gas industry has involved with these issues, there is 
no working experience in geothermal environments, making all the options trial. 
During the injection and the production stage, the pressure and flow rate will be both at 
very high levels, pressing the well at the limit. Constant and sufficient flow rates require 
additional pumping of fluids. The deficiency of submersible pumps that could function 
under geothermal high temperature is a problem to be solved. 
The rated output must be steady as possible throughout the projected lifetime and that is 
goal to be achieved. In order to sustain the output the heat extraction should prevent 
temperature drop, the fluid production should be maintained and fluid losses should be 
avoided. It is inevitable that the temperature will decline as heat extraction proceeds, but 
with careful monitoring and mitigation the efficiency of the plant can be controlled. 
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High pressure creates fluid losses and the way to minimize them is the utility of sub-
mersible electrical pumps. EGS require that pump materials, connections and control-
lers are able to operate under high temperature at deep wells for long periods. Submers-
ible pumps with high power working at >200 ºC for three years or more are required. 
High temperature zonal isolation tools such as packers can sufficiently reduce any fluid 
losses, possible short circuiting from injection to production and also aim at specific 
fracture networks in order to validate models. 
Monitoring tools and sensors measuring temperature, pressure and flow are available 
for real time feedback. They are temperature hardened and can operate up to 150 ºC but 
they are not available for operation at >200 ºC. This could improve the monitoring of 
the hydrologic and thermal evolution of the reservoir, allowing the updating of the 
reservoir models. 
The injection of fluids that have different mass than the mass of rocks is likely to create 
scaling and dissolution in the bore or the reservoir. Solutions to this problem may not be 
sufficient for long period of time needed in EGS. 
The use of tracers to characterize a hydrothermal system has been significantly im-
proved, but there is still need for new tools. There is a gap in tracers that can monitor 
the surface responsible for heat and mass exchange, restricting the prediction of effi-
ciency. 
Induced seismicity is probably the most dangerous issue relating to the pause of the 
whole project. There have been a lot of studies on this issue and most of them conclude 
that EGS reservoirs cannot be responsible for damaging earthquakes. Yet induced seis-
micity could have negative impact on EGS projects, especially on those placed near 
population centers. Technological solutions to this issue do not seem to come soon. On-
ly few operating protocols have been proposed but have yet to be adopted. 
Simulators and models are responsible for the reservoir’s operation because they can 
precisely predict its behavior. Simulators and models that combine thermal, hydrologi-
cal, chemical and mechanical measures are needed to predict heat extraction, fluid flow 
and temperature drop, data that will have straight impact on the performance and the 
duration of the project. 
Submersible pumps working at deep depth and high temperature and also high tempera-
ture zonal isolation tools are probably going to be used only in EGS projects. While im-
proved tools for real time monitoring that work in depth are likely to be transferred to 
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conventional geothermal projects. Simulators and models, that combine several 
measures, and new age tracers are with no doubt technologies that will be used in other 
industries. 
The operational experience on the EGS reservoir development is too short that the tech-
nology needed is not clearly defined. Concerns related to continuing operation will cre-
ate needs for new technological solutions and this demands much longer experience. 
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4 RES in Greece 
Market development of RES in Greece, during the last twenty years has followed a con-
tinual increasing but still is significantly less than the efficient use of available re-
sources. The development of renewable energy in this period was, almost exclusively, 
on the initiative of independent producers who successfully exploited the system of 
guaranteed prices (feed-in-tariffs) and capital grants, which was instituted by the state as 
economic incentives for the development of the sector in the country. Significant inhibi-
tory factors in the expanding of RES were the complicated licensing procedures, the 
condition and development planning of electricity transmission grids and the lack of 
relevant spatial context. 
Despite all the efforts made to eliminate or reduce them, these factors continue to ad-
versely affect the efforts of the broad utilization of the national renewable resources. So 
the market is still far from being declared as developed or mature. Undoubtedly, the last 
four years were a positive period and significant potential was developed, especially in 
wind and photovoltaic power, as a result of institutional interventions and maturity of 
business plans. 
The second parameter that interprets the significant growth during last years and should 
be taken into account is related to the time scale. The unfavorable economic situation 
that the country is facing, is located in a limited time horizon and can not affect the 
long-term trend in the lifecycle of these investments, which reaches and surpluses thirty 
years. Therefore, is more related to long-term trends of the demand and the prices of 
electricity, which are both clearly increasing in national, regional and European level. 
Another parameter influencing the development is the undisputed fact that if there had 
not been the unfavorable economic circumstances in the country, the implementation of 
the investments would be even greater than the already significant growth. The con-
tainment was mainly due to the cash problems and the incapability of new funding from 
the Greek banking system. This interprets also the increasing globalization of the mar-
ket through the dynamic growth of foreign investors that utilize funding from foreign 
banks. 
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4.1 National Action Plan 
The National Action Plan for Renewable Energy was prepared in the framework of Eu-
ropean Energy Policy for the penetration of Renewable Energy Sources, the Energy 
Saving and the reduction of the greenhouse gas emissions. 
Especially for all the Member States of the European Union until 2020, the following 
are anticipated: 
a) 20% reduction in greenhouse gas emissions compared to 1990 levels in accord-
ance with Directive 2009/29/EC 
b) 20% penetration of renewable energy in gross final energy consumption accord-
ing to EU Directive 2009/28/EC 
c) 20% primary energy savings 
Specifically for Greece, the target for greenhouse gas emissions is a 4% reduction in the 
non-trading sectors relative to 2005 levels and 18% penetration of RES in gross final 
consumption. 
The Greek government under the basis of the development and adoption of specific en-
vironmental policies, has increased its national goal for participation of RES in final en-
ergy consumption to 20%, which is specified in 40% participation of RES in electricity, 
20% in heating and cooling needs and 10% in transport, by Law 3851/2010. 
As far as energy savings are concerned, Greece has already shaped the first Energy Ef-
ficiency Action Plan, which stipulates 9% energy savings in final consumption by the 
year 2016 in accordance with Directive 2006/32/EC. Recently, by the Law 3855/2010, 
which is added to the recent regulation on the building energy behavior (KENAK), pro-
ceeds in the development of market mechanisms and the implementation of specific 
measures and policies aiming at achieving this national goal for energy savings. 
The national energy target for 2020, as shaped by recent legislative interventions and 
corresponding national programs within the NSRF, are forming a strong business de-
velopment context in which Greece must exploit the opportunities arising out of the 
natural resources available in RES and develop a new model of "green" development. In 
addition, the achievement of these objectives will contribute to the energy security, the 
optimum use of natural resources and the enhance of the competitiveness in key sectors 
for the Greek economy. 
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This action plan sets out in detail the institutional tools and technologies that will be 
used to meet those objectives. Specifically, achieving the objectives requires a combina-
tion of measures and institutional policies to accelerate and facilitate investment initia-
tives, to establish a clear framework regarding the conditions for land use and the poten-
tial for energy utilization, while requesting to take into account all technological appli-
cations that can collectively contribute to the successful implementation of the model 
for green development. 
The presentation of this map for the development of RES in electricity and also in heat-
ing - cooling and transport, was performed using analytical energy models, where dif-
ferent scenarios for the evolution of the Greek energy system beyond 2020 until 2030 
were analyzed, taking into account parameters for the economic and technological de-
velopment. 
The individual scenarios studied for the final selection of the most probable dominant 
are different outlooks of the country’s energy sector, separated into two main catego-
ries: a) reference scenarios, where it is assumed that the energy system is evolving in 
terms of already scheduled policies and b) scenarios where implementation of the objec-
tives of European policy on Greece was considered successful and which identified and 
evaluated alternative energy policy measures by which the National - European objec-
tives can be achieved. 
The main driving parameters for the drawing up of the scenarios was the evolution of 
economic activity in the country, changes in international fuel prices, alternative levels 
of conventional fuels’ use, the price effect of renewable technologies in their penetra-
tion and the influence of interfaces on the electricity market and the development of the 
electricity transmission system. 
The result of this analysis leads to the conclusion that achieving the participation rate of 
RES in electricity (40%) by 2020 will be attained only through the combined implemen-
tation of institutional, regulatory, economic and technological measures designed pri-
marily to exploit the economic potential from the development of large renewable ener-
gy projects, to complete the work necessary to expand and upgrade the grid and to 
gradually develop a dispersed way of producing electricity. Obviously this requires ad-
dressing a variety of barriers that have been already identified and associated with de-
lays in the authorization of RES projects, planning ambiguities issues, and ill-informed 
citizens regarding the implementation of renewable energy projects. In addition, Greece 
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has the lack of a fully interconnected electrical system, as many islands are autonomous 
networks. All these data, limitations and socio-economic parameters were taken into 
account in the design of the contribution development of different technologies for elec-
tricity by 2020. 
Similarly, in order to meet the national targets for participation of RES in heating - 
cooling and transportation, all of the institutional changes already implemented or 
scheduled have to be used, in order to achieve energy savings through improved energy 
efficiency and policies for the use of energy in all sectors. In addition, the development 
of specific technologies such as heat pumps, as well as the strengthening and further 
development of solar thermal applications and biomass systems in both the residential 
and industrial sector are required in order to meet the exact national targets. 
Specifically for biofuels, the effort lies in the use of domestic resources for the produc-
tion of bio-diesel through energy crops, and the development of the necessary manage-
ment network of biomass for energy use. 
National targets for energy production until 2020, according to the results of energy 
modeling, are expected to be met with the development of around 13,300 MW RES 
(about 4,000 MW now), involving all technologies: 7,500 MW from wind parks, 3,000 
MW from hydroelectric and about 2,500 MW from solar. Whereas heating and cooling 
targets are expected to be met with the development of heat pumps, solar thermal sys-
tems and biomass applications. 
The action plan sets out the time evolution in detail, regarding the penetration and con-
tribution of individual technologies in electricity, heating - cooling and transportation, 
while it associates the achievement of these goals with specific measures and policies. It 
is clear from the results of the calculations, that the achievement of these objectives re-
quires the coordination of actions and measures, the support of the market participants 
and the timely implementation of development projects in order for the electrical net-
work to be able to absorb the energy generated by RES stations. 
These objectives and the contribution of individual RES technologies, depending on 
market trends and timely or not deal with already identified problems, can be modified 
at regular intervals (2-year period). A national tracking system is going to be developed 
in order to achieve these goals, which will promptly recognize any weaknesses and 
faults and will propose specific corrective actions, technological or institutional, so that 
  -33- 
national objectives related to the greenhouse emissions reduction and the supplementary 
RES penetration in final consumption are achieved. 
The National Action Plan for RES will effectively play the role of a dynamic tool for 
monitoring national energy goals, which will be modified according to the policies and 
measures taken, the response of the market and the technological maturity of renewa-
bles, so that the mandatory national targets for 2020 can be achieved. 
4.2 Geothermal Energy in Greece 
Geothermal Energy in Greece provides a great potential for electricity production and 
commercial uses. [Table 2] Geological place of Greece promotes geothermal fields of 
high, medium and low enthalpy. [Figure 6] High enthalpy fields, that are suitable for 
electricity production, are found at the islands of the Aegean volcanic arc, like Milos, 
Nisyros and Santorini. While medium enthalpy fields, that suitable for electricity 
production and hot water direct use, are found around the plains of Macedonia and 
Thrace, like Nestos, Xanthi and Alexandroupoli basins. 
Table 2: Summary of Geothermal uses in Greece 
 Installed Capacity (MWt) Annual Consumption (1012 J) 
Domestic Heating 1.4 16 
Soil & GH Heating 27 271 
Agricultural Products Drying 0.3 3 
Aquaculture & Fish Farming 9.3 80 
Balneotherapy 42 230 
Geothermal Heat Pumps 100 480 
Total 180 1080 
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Picture 6: Geothermal areas in Greece 
The research for finding geothermal energy actually started in 1971 by Institute of 
Geological and Mineral Exploration (IGME) and until 1979 (before the second energy 
crisis) covered only areas of high enthalpy. The energy crisis in 1980’s forced the Insti-
tute to extend the exploration to low enthalpy resources, mainly in northern and central 
Greece. During the progress PPC, which was directly concerned in power generation, 
undertook the high enthalpy production drilling and the development of the fields, fund-
ing further research on the potential geothermal areas. The preliminary map of Greek 
geothermal flow area was created, which showed that the geothermal flux in many areas 
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if Greece is stronger than the earth’s average. Since 1971 the investigated regions are: 
Milos, Nisyros, Lesvos, Methana, Sousaki, Kamena Vourla, Thermopyles, Ypati, 
Edipsos, Kimolos, Polyaigos, Santorini, Kos, South Thessaly, Almopia, Strymon area, 
Xanthi area, Samothrace and others. 
The increased heat flow, due to the intense tectonic and magmatic activity, created ex-
tensive thermal irregularities, with maximum geothermal gradient that often exceed the 
100 °C / km. In appropriate geological conditions, this energy heats shallow under-
ground reservoirs of fluids at temperatures up to 100 °C. The low enthalpy geothermal 
fields are scattered in the islands and the mainland Greece. The contribution to the ener-
gy balance can be significant, as they represent a source of energy environmentally 
friendly, socially acceptable and have significant economic and development interest. 
In islands Milos and Nisyros important geothermal fields have been discovered and 
production wells have been drilled, five and two respectively. In Milos temperatures up 
to 325 °C were measured at a depth of 1000 m and in Nisyros 350 °C at a depth of 1500 
m. These boreholes could support power plants with capacities of 20 and 5 MW, while 
the total potential capacity is estimated to be in the range of 200 and 50 MW respective-
ly. 
Geothermal energy in Northern Greece is offered for domestic heating, greenhouse 
heating, aquaculture farming etc. In Strymon basin there are identified the very im-
portant fields of Therma - Nigrita, Lithotropo - Heraclea, Thermopigi - Sidirokastro and 
Aggistro. Many wells produce water up to 75 °C, usually artesian and of very good 
quality and delivery. In Nigrita and Siderocastro operate large and smaller geothermal 
greenhouses. 
In the lowland area of Nestos basin there are identified two very important geothermal 
fields in Erateino Chrisoupoli and in N. Erasmio Xanthi. High quality water up to 70 °C 
and at very economic drilling depths is produced in these fertile plains. Major geother-
mal fields in N. Kessani and Porto Lagos Xanthi produce water at temperature up to 82 
°C. 
In the basin of lakes Volvi and Lagkada there are identified three very shallow areas 
with temperatures up to 56 °C. In Samothrace encouraging data are derived from water 
in the range of 100 °C drilled at depth up to 100 m. 
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Legislative Framework 
By Law 3175/2003 "Exploitation of geothermal potential, district heating and other 
provisions" and the decisions of the Ministry of Environment, Energy and Climate 
Change (YPEKA) for setting the up to date classified geothermal fields in Greece, the 
conditions for research, exploitation and management of the geothermal potential of the 
country have been created. 
With the implementation of Law 3734/2009 "Promotion of the cogeneration of two or 
more useful forms of energy, regulate matters relating to the Hydroelectric Project 
Mesochora and other provisions", the simultaneous production of useful heat and elec-
tricity using geothermal energy is developed. Also, it has been given the option of set-
ting specific incentives for the development of heating - cooling energy systems and the 
development of research and exploitation of geothermal fields. 
The provisions of Law 3851/2010 promoted the implementation and use of geothermal 
energy and fixed the pricing for electricity production from high temperature geother-
mal energy at the price of 99,45 € / Mwh, while giving a comparative figure for the cost 
of operating a geothermal power plant. 
The cost is low enough, when considering prices of other countries (e.g. the correspond-
ing value in Germany reaches the level of 200 € / Mwh) and this is due to the fact that 
Greece has the advantage of identifying high-temperature geothermal resources at 
depths from 1000 m to 2000 m below the earth's surface. Creating power plants that ex-
ploit geothermal resources from areas such as those mentioned above is extremely effi-
cient and cost effective. 
By Decision A.Y./F1/oik.19598/01-10-2010 (G.G. 1630/11-10-2010) of the Minister of 
Environment, Energy and Climate Change, regarding the target ratio of the installed ca-
pacity and the distribution over time between the various RES, geothermal power gen-
eration was released from the participation in the country’s energy mix and is not 
counted when assessing the potential overlapping of power limits set for the years 2014 
& 2020. 
It is concluded that the ministry gives too much importance and priority in the use of 
geothermal energy to accelerate the development of the sector and attract important in-
vestors who specialize in these RES technology. 
It should be noted that the viability of a geothermal power plant and the greater utiliza-
tion of the geothermal field is achieved if the there is an additional utility apart from 
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power generation e.g. desalination of seawater mainly in arid islands and coastal areas 
(islands of the volcanic arc of the South Aegean, Milos, Nisyros, Santorini) or uses such 
as district heating, greenhouse heating, drying and dehydrating of agricultural products, 
etc. 
4.3 Geothermal Energy in Northern Greece 
 
Figure 7: Geological map of N. Greece 
The Nestos Delta Basin 
The Nestos Delta basin [Figure7] occurs East of the Kavala City (between E. Macedo-
nia and Thrace) where the Delta of the Nestos River has been formed covering an area 
of 450 km2 (onshore part of the basin) with an axis in ENE-WSW direction (the off-
shore extension of this basin is known as “the Prinos basin”). It is separated from the 
Xanthi- Komotini basin by the Avdira-Fanari ridge (horst), which is composed of the 
metamorphosed rocks. Two major faults in the N70º and N160º directions enclose the 
basin. 
The Xanthi - Komotini Basin 
The Xanthi – Komotini basin [Figure7] occurs east of the Xanthi city covering an area 
of about 1600 km2 between the Rhodope Mounts and the Aegean Sea in Central 
Thrace. This basin mainly consist of clastic sediments of Eocene – Quaternary age and 
it extends its maximum depth at the foot of the Rhodope mountain chain and its mini-
mum in the vicinity of the coast, where the Nea Kessani geothermal field is placed. 
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The Evros Delta (Alexandroupolis) Basin 
The Evros Delta basin [Figure7] constitutes the southern part of the wider Neogene - 
Quaternary basin of Orestiada - Alexandroupolis close to the borders with Turkey and 
Bulgaria. It is estimated to occupy a region of approximately 2000 km2 all within the 
Western Thrace territory. 
The Strymon Basin 
The basin of Strymon [Figure7] is a typical post-orogenic graben, which is still active. It 
has been shaped between the Serbomacedonian massif (SRB) on the West and the 
Rhodope massif on the East. Marbles, gneisses and mica schists constitute the eastern 
margin of this basin. The geothermal conditions in the Strymon basin are favourable as 
a result of the active extension tectonics and the increased heat flow. 
Table 3: Areas of possible geothermal fields in N. Greece [12] 
Area Place Depth Temperature 
  
m °C 
Alexandroupolis basin Aristino 200 – 465 30 – 92 Tychero 400 38 
Nestos and Xanthi – 
Komotini basins 
N.Kessani 300 – 400 75 – 80 
Sappes 250 – 400 38 – 40 
L.Mitrikou 450 40 
Magana 200 – 400 40 -65 
Eratino 
550 - 650 65 – 75 
1700 115 
3000 - 4000 127 – 178 
Strymon basin 
Agistro 70 – 130 40 – 47 
Sidirokastro 10 – 450 40 – 65 
Iraklia 300 – 450 40 – 62 
Nigrita 100 – 400 40 – 65 
Ivira 450 – 550 40 – 50 
SG-1, SG-2 500 20 
STR-1 2884 – 3651 106 – 135 
STR-2, STR-3 2678 – 3144 89 - 96 
Mygdonia basin 
Nymfopetra 60 – 110 45 
N.Apollonia 30 – 110 56 
Langadas 100 – 200 30 -38 
Anthemous basin N.Ryssio 500 40 Sani 500 – 600 30 – 40 
Aridea basin Aridea 300 -780 30 – 38 
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5 EGS in Northern Greece 
5.1 Temperature at depth 
Several data components are needed to calculate temperature at depth. The heat flow 
(Q) map is the starting point for the calculations. The thermal conductivity (K) and the 
geothermal gradient (∂T/∂z) complete the trio of quantities directly involved. In addition 
to the thermal conductivity as a function of depth, the radioactivity of the crustal rocks 
(A), the thickness of the radioactivity layer (r), the regional heat flow (i.e., the heat flow 
from below the radioactive layer, Qm) (Roy et al., 1972), and the average surface tem-
perature (T0) must be available at each point in the grid. 
 =  −	
 
  
	 =  − 
 1 − 
  
 =  + 	 
 =  +  
Where, 
T = temperature 
Q = measured heat flow Q = mantle heat flow X = layer thickness 
K = thermal conductivity 
A = radioactive heat generation 
r = radioactive depth variable constant 
Q = measured heat flow 
0 – surface, b – basement, s – sediment 
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Due to the lack of data for Greece, regarding the radioactivity of the crustal rocks (A), 
the thickness of the radioactivity layer (r), and also the heat flow from below the radio-
active layer (Qm), there is no ability of calculating the temperature in depth. We had to 
make the assumption that rocks are homogeneous from surface to the specific depth. 
[Table 4] 
The differential form of Fourier's Law of thermal conduction shows that the local heat 
flux density is equal to the product of thermal conductivity and the negative local tem-
perature gradient. The heat flux density is the amount of energy that flows through a 
unit area per unit time: 
"# = −$∇ 
Where, 
q'# = heat flux density 
k = thermal conductivity 
∇T = temperature gradient 
For a Hot Dry Rock that is located evenly in depth z and over an area A, the rock’s den-
sity is ρr and the rock’s specific heat is cr. Because of the homogeneity of the material 
and the lack of convection, the temperature is increased linearly with respect to the in-
creasing depth, meaning that the geothermal gradient G is steady: 
)*+ =  + ,,- - =  + .- 
Table 4: Temperature in depth of possible geothermal fields in N. Greece 
 
T 3-4 T 4-5 T 5-6 T 6-7 
 
°C °C °C °C 
Aristino 126 158 189 221 
Tychero 124 155 186 217 
N.Kessani 147 185 223 261 
Sappes 137 172 207 243 
L.Mitrikou 143 180 216 253 
Magana 147 185 223 261 
Eratino 148 186 223 261 
Agistro 134 169 204 239 
Sidirokastro 135 169 203 238 
Iraklia 134 168 202 236 
Nigrita 130 162 195 228 
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Ivira 130 163 196 229 
SG-1, SG-2, STR-
1, STR-2, STR-3 132 165 198 232 
Nymfopetra 127 158 190 222 
N.Apollonia 127 159 191 223 
Langadas 127 159 190 222 
N.Ryssio 126 158 189 221 
Sani 127 159 191 223 
Aridea 112 140 168 197 
     
Average 132 166 199 233 
 
The validity of the calculations of temperature at depth is important. In some areas there 
are wells that have been drilled to 2 to 4 km depths, so that the predicted temperatures 
can be checked against measurements in deep wells. In other cases there are deep oil 
boreholes with depths 1,5 to 2,5 km. The check has been done and the agreement is 
within ± 20°C in the 1,5 to 4 km depth range. 
5.2 Heat in place 
The useful thermal content Q of a rock with thickness ∆z, at temperature T is: 
 = )/	
	0-+	12ΔΤ5 = /	6	12T − 75 
The temperature-in-depth was calculated from the depths of 3 to 7 km at every km. The 
mean values at 0.5 km intervals were used in the recoverable resource calculation. Heat-
in-place was calculated for 1 km x 1 km x 1 km blocks centered at depths of 3.5, 4.5, 
5.5 and 6.5 km. The values listed in Table 5, represent the geothermal resource base and 
not the power that can be generated. The values are shown in terms of stored thermal 
energy, petajoules (PJ = 1015 J). Even if only 2% of the resource were to be developed, 
the thermal energy recovered would be 650 PJ. This amount almost equals the annual 
consumption of primary energy in Greece in 2012. 
Table 5: Heat-in-place of possible geothermal fields in N. Greece 
 
Q stored = Q 3-4 Q 4-5 Q 5-6 Q 6-7 
 
PJ 
 
PJ PJ PJ PJ 
Aristino 1605 
 
281 361 442 522 
Tychero 1575 
 
276 354 433 512 
N.Kessani 1936 
 
339 436 532 629 
Sappes 1793 
 
314 403 493 583 
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L.Mitrikou 1871 
 
327 421 514 608 
Magana 1932 
 
338 435 531 628 
Eratino 1934 
 
338 435 532 629 
Agistro 1775 
 
311 399 488 577 
Sidirokastro 1748 
 
306 393 481 568 
Iraklia 1732 
 
303 390 476 563 
Nigrita 1671 
 
292 376 459 543 
Ivira 1675 
 
293 377 461 544 
SG-1, SG-2, STR-
1, STR-2, STR-3 1697 
 
297 382 467 552 
Nymfopetra 1626 
 
285 366 447 528 
N.Apollonia 1628 
 
285 366 448 529 
Langadas 1624 
 
284 365 447 528 
N.Ryssio 1608 
 
281 362 442 522 
Sani 1620 
 
283 364 445 526 
Aridea 1432 
 
251 322 394 465 
       
Total 32481 
 
5684 7308 8932 10556 
 
5.3 Recoverable energy 
5.3.1 Variables 
The recovery factor of the thermal energy and the potential lifetime of the project are 
the main elements in order to built a successful geothermal system, whether it is con-
ventional or enhanced system. Both parts demand knowledge of how to control transfer-
ring heat to the water and preserving the thermal energy of the rock. This knowledge 
creates need for models that simulate the distribution of the cracks and the flow of the 
fluid at depth. All current models use only assumptions about the fractures and the flow 
because of the limited experience. 
The estimates on the heat-in-place resource are made by making assumptions on rock 
density, heat capacity and reference temperature, usually referred to a volume of rock of 
1 km3. The minimum reference temperature used is usually the average surface temper-
ature. In order to estimate the amount of thermal energy that can be exploited, it is nec-
essary to insert more parameters. One of these is the initial rock temperature that is used 
to calculate not only the heat-in-place but also the recover rate. There is also the aban-
donment temperature that signifies the temperature of the active rock volume when the 
extraction stops. 
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The effective heat exchange area in the reservoir is determined by the fractured rock 
volume, the spacing between the cracks and also their size. The volume of the reservoir 
and the effective surface area directly affect the output rate, the reservoir life and the 
fraction of the stored energy that can be exploited. Sanyal and Butler (2005) found that 
the single most important parameter affecting how much of the thermal energy that 
could be recovered is the fractured volume. In fact, perhaps the most important finding 
of their study is that the net electrical power that can be achieved from a volume of frac-
tured rock is roughly 26 MWe/km3. 
One more crucial parameter is the circulation rate of the heat transfer medium usually 
water. The way at which water flows between the injection and the production well con-
trols the actual volume that is covered by the fluid. The porosity and permeability of the 
fractured rock defines the amount of water that can be stored into and also how fast the 
water can pass through the rock. The average rock temperature is considered as the rep-
resentative temperature of the circulating water. 
As thermal energy is extracted from the rock by contact between the rock and the flow-
ing water, the rock’s temperature is steadily reduced. Because of the significantly low 
rock’s permeability, the only way for the energy to recover is by the slow process of 
conduction. For an EGS that is programed to extract thermal energy for more than one 
or two years appears the need for strategies regulating the water flow according to the 
fracture network. 
An important characteristic of geothermal energy extraction is that where energy is ex-
tracted from a hot rock by contacting the rock with flowing (colder) water, the tempera-
ture of the rock is gradually reduced to approach the temperature of the injected water. 
In the absence of significant permeability of the rock, the thermal recovery of the rock 
can occur only by heat conduction, which is relatively slow. One implication is that if 
an EGS system is to produce significant useable energy for more than a year or two, it 
must employ flow strategies that are tailored to the fracture network. 
5.3.2 Recovery factor 
Literature estimates of recoverability range as high as 90% of the heat in place (at une-
conomic low flow rates) to a more credible 40%, given an optimal production strategy. 
The recovery factor is examined parametrically. The recovery factor of 2% is a con-
servative assumption in the analysis. No geothermal reservoir has operated long enough 
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to demonstrate an actual long-term recovery factor. Even at 2% recovery, the amount of 
resource in place is prodigious, well in excess of that needed. [13] 
While seemingly conservative for overall resource calculations, the choice of recovery 
factor is critical for EGS reservoir creation and operation and ultimately for economic 
viability. Without long-term reservoir performance data, the choice of recovery factor 
remains somewhat arbitrary. [Table 6] 
We can define the recoverable fraction of that thermal energy, Fr, as a function of sever-
al independent or specified variables, such that: 
8 = /69:1),< − ,+/6:=:1),< − +  
Where, 
ρ = rock density (kg/m3) 
V@AB = active reservoir volume (m3) VBCB = total reservoir volume (m3) CE = rock specific heat (J/kg °C) TE,F = mean initial reservoir rock temperature (°C) 
T = mean ambient surface temperature (°C) TE,@ = mean rock temperature at which reservoir is abandoned (°C) 
There are issues concerning the efficiency of converting the extracted thermal energy to 
electrical energy. If we had a completely flexible power-conversion system that could 
use any temperature of fluid to generate electric power or extract usable heat – although 
at varying efficiency – we could cool the rock significantly and continue to use the same 
surface equipment. Real electric-generating power plants, heat pumps, or heat exchang-
ers are designed for a specific set of conditions. The larger the difference between de-
sign conditions and actual operating conditions, the less efficient the equipment will be-
come. This places a practical lower limit on the circulating fluid temperature, and con-
sequently a lower limit on the average temperature of the rock in contact with the fluid. 
This latter temperature is called the “reservoir abandonment temperature” Tr,a. 
Table 6: Recoverable energy of possible geothermal fields in N. Greece 
 
Q rec 
(2%) 
Q rec 
(20%) 
Q rec 
(50%) Q stored 
 
PJ PJ PJ PJ 
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Aristino 32 321 803 1605 
Tychero 31 315 787 1575 
N.Kessani 39 387 968 1936 
Sappes 36 359 897 1793 
L.Mitrikou 37 374 935 1871 
Magana 39 386 966 1932 
Eratino 39 387 967 1934 
Agistro 35 355 887 1775 
Sidirokastro 35 350 874 1748 
Iraklia 35 346 866 1732 
Nigrita 33 334 835 1671 
Ivira 33 335 837 1675 
SG-1, SG-2, STR-
1, STR-2, STR-3 34 339 849 1697 
Nymfopetra 33 325 813 1626 
N.Apollonia 33 326 814 1628 
Langadas 32 325 812 1624 
N.Ryssio 32 322 804 1608 
Sani 32 324 810 1620 
Aridea 29 286 716 1432 
     
Total 650 6496 16240 32481 
 
5.4 Simulation 
5.4.1 System Advisor Model (SAM) 
The System Advisor Model (SAM) is a performance and financial model designed to 
facilitate decision making for people involved in the renewable energy industry. 
SAM makes performance predictions and cost of energy estimates for grid-connected 
power projects based on installation and operating costs and system design parameters 
that you specify as inputs to the model. 
Each renewable energy technology in SAM has a corresponding performance model 
that performs calculations specific to the technology. A performance simulation consists 
of a series of many calculations to emulate the performance of the system over a one-
year period in time steps of one hour for most simulations, and shorter time steps for 
some technologies. 
SAM is developed by the National Renewable Energy Laboratory (NREL). 
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5.4.2 Results 
After simulating four cases, one for every 1 km3 block centered at depths of 3.5, 4.5, 5.5 
and 6.5 km. The temperature in depth used for each depth is the average of the tempera-
ture of the potential geothermal fields. All the important input and output data are pre-
sented in Table 7. 
Table 7: Parameters and results of simulation 
 
 
132 °C 
3500 m 
166 °C 
4500 m 
199 °C 
5500 m 
233 °C 
6500 m 
Capacity kW 2.84 5.07 6.98 8.63 
Wells No 4 4 4 4 
Production 
Well Flow 
Rate 
kg/s 
/Well 20 20 20 20 
Annual 
Energy kWh 24,386,688  43,518,236  59,889,864  74,127,608  
PPA price €/kWh 0.09945  0.09945  0.09945  0.09945  
LCOE 
Nominal €/kWh 9.94 9.94 9.94 9.94 
LCOE Real €/kWh 8.09 8.10 8.06 8.06 
After-tax 
IRR % 1.48 3.43 -1.59 0.00 
After-tax 
NPV € -13,924,854.00 -13,308,708.00 -24,700,238.00 -40,461,288.00 
PPA price 
escalation % 0.00 0.00 0.00 0.00 
Debt 
fraction % 18.66 25.36 25.44 22.56 
Direct Cost € 33,989,072.73 47,535,196.62 65,226,077.53 89,161,271.89 
Indirect 
Cost € 10,502,623.47 14,688,375.76 20,154,857.96 27,550,833.01 
Financing 
Cost € 3,990,495.80 5,978,083.62 8,154,984.51 10,717,543.10 
Total 
project cost € 48,482,192.00 68,201,656.00 93,535,920.00 127,429,648.00 
Cost per 
Capacity €/kW 15,662.00 12,275.00 12,239.00 13,517.00 
Total debt € 9,046,587.00 17,298,266.00 23,799,500.00 28,744,588.00 
Total equity € 39,435,605.00 50,903,390.00 69,736,420.00 98,685,060.00 
Capacity 
factor % 92.3 92.5 95.5 96.0 
 
It goes without saying that all simulated projects could be characterized as non profita-
ble. The after-tax Net Present Value is negative at each project. The first factor that 
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leads to this result is the PPA price, fixed at 0.09945 €/kWh. While, the Income Tax 
Rate of 26% burdens the investment during the entire lifecycle. 
After elaborating all the data with a sensitivity analysis, we study the NPV as an output, 
trying to define the PPA price that makes the projects profitable, meaning NPV = 0. The 
results after keeping all the other input steady, is that the PPA price should be 0.16518 
€/kWh for 3.5 km, 0.13474 €/kWh for 4.5 km, 0.14665 €/kWh for 5.5 km and 0.16176 
€/kWh for 6.5 km depth project. 
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6 Conclusions 
This study was made by addressing some assumptions over an already developed mod-
el. Because of the lack of data and knowledge over the technology, there are many un-
certainties in the analysis. Despite that, it is noticeable by looking at the potential’s 
magnitude, that EGS technology offers a great opportunity. 
Although oil and gas technology has offered a lot of techniques for the development of 
deep boreholes, there are many sectors that need more improvement in order to become 
suitable for the EGS needs. 
Apart from few small commercial power plants, all the experiments were made over 
small-scale volumes, measuring a couple of cubic kilometers. There is no experience in 
the stimulation of large volumes of rocks. 
In order to avoid the reservoir replacement during the planned lifecycle, the decline of 
temperature has to be maintained in acceptable range. Trying to succeed this with cur-
rent technology, means that the flow rate should be kept at non-feasible levels. 
The most expensive part of EGS is drilling the wells. Drilling a well deep enough to 
find hot dry rocks costs multiple times over the cost of a conventional geothermal cost. 
This cost could drop by millions per well as drilling technology progresses. 
Geothermal fields located in Northern Greece are combined with low enthalpy geo-
thermal fluids. By using EGS technology, hot dry rocks can be reached, allowing the 
extraction of medium and high enthalpy fluids. 
The feed-in-tariffs offered by the Greek authorities for the energy produced by high 
temperature geothermal fields does not seem to cover the very high initial and opera-
tional costs. 
Raising the power output and lowering the cost is an engineering problem, manageable 
though. The energy sources able to generate electricity night and day will be opening a 
window for geothermal. So EGS engineering should be improved and along with con-
ventional geothermal systems could find their way against fossil fuels.  
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